INTRODUCTION
The prognosis of cancer is most notably dependent on tumor cell invasion and metastasis, both being promoted by cellular and molecular mechanisms in the primary tumor and at distant pre- Tumor-associated macrophages (TAM) constitute the biggest population of pro-tumoral components of the TME (6) . TAM are among the first non-neoplastic cells, infiltrating the tumor. They are attracted by chemokines secreted by both, malignant and stromal cells, especially via chemokine (C-C motif) ligand 2 (7, 8) . TAM share characteristics with M2 macrophages: they promote the degradation of the extracellular matrix by releasing proteolytic enzymes, whereas in hypoxic tumor areas, they induce neoangiogenesis through hypoxia induced factor dependent release of vascular endothelial growth factor (9) .
TAM aid the expansion of the proinflammatory microenvironment by inflammatory cytokines like tumor necrosis factor α, resulting in a self-augmenting process (10).
Myeloid-derived suppressor cells (MDSC) are a heterogeneous population of premature granulocytes, macrophages, dendritic cells and myeloid precursors, expanding during tumor development (11) .
They are associated with tumor progression and neoangiogenesis (8) . Through the production of arginase 1 and iNOS, MSDC are potent suppressors of CD4-and CD8-positive T cells, but also NK cells (12) . MDSC may also differentiate into TAM under hypoxic In principle, all conventional imaging technologies, including optical imaging, radionuclide driven approaches as well as magnetic resonance imaging (MRI) enable visualization of TME components following either of theses strategies.
In this article we review exemplary approaches of imaging tumor immune interaction based on the most important tumor-infiltrating immune cells (Figure 1 ).
Tumor associated macrophages
Macrophages are the most abundant cells in the TME, their crucial role in tumor development has been recognized early. phenotype and showed specific labeling of CD11b+ myeloid cells.
The particle was equipped with two reporter tags, a fluorescent dye and a superparamagnetic core, and could, upon intravenous injection, be detected in the TME by microscopy, MRI and fluorescence mediated tomography (21) .
Ultra small SPIO have a longer circulation time as compared to SPIOs as they are not as quickly recognized and eliminated by the reticulo-endothelial system. The result is a comparatively stronger accumulation in the TME.
USPIO-driven MRI allowed for non-invasive imaging of F4/80 positive phagocytes. In vitro studies showed particle internalization by F4/80+ TAM, but not by tumor cells. Accordingly, TAM depletion led to a significant inhibition of tumor nanoparticle enhancement (22) .
With the USPIO ferumoxytol being clinically available, a high translational potential for this application is evident.
All these direct labeling approaches suffer from only limited specificity as not only TAM but also resident macrophages and other phagocytes can in principle accumulate the label/particle and contribute to the image signal. An additional constraint always is the potential influence of the label on cell homeostasis and function. As a marker of monocyte activity in inflammation and chemokine for TAM and MDSC attraction, the locally released protein heterodimer S100A8/A9 gained attention in immunology and oncology (26) . We have introduced an approach for targeted imaging of S100A9 secreted actively by monocytes as well as MDSC within the TME (27, 28) . We could visualize monocyte activation beyond sheer Due to the phenotypical overlap between TAM and MDSC and the heterogeneity within the MDSC population (32), the currently available imaging approaches offer little opportunity to differentiate between the two cell populations in vivo and further research needs to resolve how best to define and distinguish the individual actors within the TME.
Neutrophils
For imaging of neutrophil activity, the secreted protease neutrophil elastase has been targeted. The enzyme neutrophil elastase contributes to tumor growth, invasion and metastasis (33) . In vivo optical Imaging revealed a highly specific enzyme signal using the neutrophil elastase 680 fluorescent activatable fluorescent imaging agent in a xenograft model of colon cancer. Accordingly, the neutrophil elastase inhibitor sivelestat could reduce tumor growth and tracer uptake (34) .
T cells
In recent years, T cells became the target of several therapeutic agents that aim to revert the immune-modulation, exerted by e.g. Treg In vivo imaging of the effector cells, endogenous helper CD4 + and cytotoxic CD8 + cells has been realized by immuno-PET detecting 89 Zr-labeled anti-CD4 and anti-CD8 antibody fragments (43, 44) .
As T cells exert many of their effects via membrane-bound receptor interaction, membrane labels can inhibit cell function and viability at relatively low doses already, as has exemplary been shown with anti-CD4 diabodies for 89 Zr-driven PET (45) .
Natural Killer Cells
Several techniques for imaging NK cells in vitro and in vivo, mainly focussing on direct labeling methods, have been introduced and reviewed elsewhere (46) .
Imaging NK cell marker CD56 using a 99m Tc labeled anti-CD56 allowed for estimation of tumor infiltrating NK cell abundance; in vivo imaging signals correlated with good prognosis (47) .
In accordance with T cell tracking techniques, trafficking of murine NK cells has been described by radiolabeling of isolated NK cells with 111 In-oxine. Although migration was not impaired in exemplary studies cell viability and function was allegedly unchanged, the translational potential of NK cell tracking is limited due to reportedly high background activity using 111 In-oxine driven approaches (47) .
CONCLUSION
In recent years, the cellular and molecular composition of the TME as well as interactions between tumor and TME components became increasingly relevant for cancer research and tumor therapy. However, further research is needed and can help to raise cancer diagnostics in terms of personalized medicine to the next level.
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